Introduction
============

The number of patients undergoing renal replacement therapy is on the increase all over the world, including Brazil^[@r01]-[@r03]^. Data from the Brazilian Society of Nephrology shows that between 1994 and 2009, the number of patients enrolled in chronic dialysis programs in Brazil more than tripled from 24,000, to 77,589^[@r03]^. Of these, 89.6% were on hemodialysis^[@r03]^.

On July 1^st^, 2010, the number of Brazilian dialysis patients was 92,091. The annual crude mortality rate for patients with end-stage chronic kidney failure was 17.1% in 2009^[@r03]^, and 17.9% in 2010^[@r04]^. Despite major advances in recent decades in the treatment of chronic kidney disease, cardiovascular disease is still the main cause of death for these patients, especially among those on dialysis. The cardiovascular mortality of hemodyalized patients is high (40% to 50% of the population of chronic kidney patients), significantly higher than for the general population^[@r05],[@r06]^. The general population trend for cardiovascular mortality is decreasing, but, among hemodialyzed patients, it is increasing^[@r04]-[@r08]^.

Traditional cardiovascular risk factors alone are not capable of explaining the high mortality rate for chronic kidney disease, dialysis population. Other factors need to be taken into consideration. Our view is that the key to improving survival is better knowledge of prognostic risk factors, be they traditional or not.

The primary objective of this study was to assess the survival of patients with end-stage chronic kidney failure who received hemodialysis in four centers in the State of Rio de Janeiro. patients were followed up for 11 years and compared to the general population to look at the correlation between mortality for those with cardiovascular risk factors and D/I and M235T polymorphisms of the angiotensin I-converting enzyme and the angiotensinogen genes, respectively. The secondary objective was to analyze cause of death by sex and age group.

Methods
=======
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The initial study cohort comprised 473 chronic hemodialyzed patients from four hemodialysis centers. Three from the city of Niterói and one from Rio Bonito. This represented all eligible patients in those hemodialysis centers from July 15, 1997 to July 15, 1998.

**Inclusion criteria:** All adult patients (aged 18 years old or more at the time of selection for this study), regardless of age at the time hemodialysis treatment began, who had been on chronic hemodialysis for at least one year during the period between July 15, 1997 and July 15, 1998.

**Exclusion criteria:** Exclusion criteria included the presence of Acute Kidney Failure; refusal to participate in this study; and the fact that patients had already been submitted to kidney transplant before selection.

**Death records:** We used the Mortality Information System. Survival analysis used information from the study population data bases, and death records (1998 to 2008) in the State of Rio de Janeiro, with the objective of identifying individuals who passed away and to determine cause of death. Analysis was conducted with RecLink III software and consisted of six steps:

1.  Standardizing the format of data variables.

2.  Grouping records using identification keys.

3.  Using algorithms to compare chains of characters.

4.  Scoring record pairs on their level of global concordance.

5.  Using threshold definitions to determine whether each pair was real, doubtful, borderline, or non-paired.

6.  Manual revision of the doubtful or borderline pairs, aiming to reclassify as real pairs or non-pairs.

**Study duration:** Follow-up: 11 years; recruitment: July 15, 1997 to July 15, 1998; conclusion: December 31, 2008.

**Variables:** The variables studied were defined as follows:

1.  Systolic Blood Pressure before the hemodialysis session: The first measurement recorded in the medical history was used in the recruiting stage of this study.

2.  Length of hemodialysis in months at the time of recruiting. From this variable, it was possible to calculate the date hemodialysis started and the time of survival on hemodialysis. This was calculated by the sum of the time of hemodialysis at the beginning of the treatment, plus the time until the event (death, kidney transplant or conclusion of the study).

3.  Body Mass Index. Calculated using the formula, weight in kg, divided by the squared height in meters. Weight was obtained prior to hemodialysis.

4.  Monthly family income, as provided by the patient when he or she was admitted to the hemodialysis center. This information was registered in the medical record or it was collected from the patient. The variable was measured in number of minimum wages at the time the treatment began in the hemodialysis center. Afterwards, we created the following categories: less than two times the minimum wage; from two to five times the minimum wage; and more than five times the minimum wage.

5.  Age at the beginning of hemodialysis (in years).

6.  Gender.

7.  Basic cause of death: using data from the Mortality Information System of the State Secretariat of Health in the State of Rio de Janeiro, we identified the basic cause of death recorded in the Mortality Information System through selection rules.

8.  Triglycerides: measured by the enzymathic method, at the time of recruiting.

9.  Total cholesterol: measured by the enzymathic method, at the time of recruiting.

10. High-density lipoprotein: measured by the enzymathic method, at the time of recruiting.

11. Hematocrit: Percentage occupied by red blood cells in the total blood volume, at the time of recruiting.

12. Diabetes mellitus, diagnosis registered on the medical record at the time of admission in the hemodialysis center, and collected by us during recruiting.

13. History of ischemic heart disease, characterized by acute myocardial infarction, angina pectoris, or by some previous invasive coronary procedures. This information was collected from medical records.

14. History of stroke, collected from medical records.

15. History of smoking or former smoking, recorded in medical records at the time of admission to the hemodialysis center.

16. Polymorphism of genes of the angiotensin I-converting enzyme (I/D) and angiotensinogen (M235T). Samples of 5 mL of blood were drawn from patients at the time of recruiting and stored in tubes containing ethylenediaminetetraacetic acid, which were sent to São Paulo. The genetic polymorphism of the angiotensin I-converting enzyme (I/D) was determined by using a standardized essay with three primers. The variable M235T of the angiotensinogen gene was determined by the polymerase chain reaction method, followed by enzymatic digestion. The team who conducted the genotypic assessments did not have access to the clinical information of the study patients.

Patients who had undergone kidney transplant and patients who were alive on December 31, 2008, when the study was concluded, were censored to their respective dates.

The analyzed outcomes were: primary, time of survival; and secondary, basic cause of death.

The Research Ethics Committee in the University Hospital Clementino Fraga Filho, at *Universidade Federal do Rio de Janeiro*, approved this study.

Statistical Analysis
--------------------

Each variable was analyzed and its distribution, mean, and standard deviation was calculated. The Chi-Square test was used for categorical variables and the unpaired Student\'s t-test was used for quantitative variables (quantitative variables had normal distributions, as the sampling number was sufficiently large). A 5% significance level was adopted in both cases. The logistic regression model and the odds ratio calculation were used, as well as the multinomial logistic model, the Cox model, the classification and survival trees. The chosen variables were used as a base allowing a visual analysis of mortality and the variables associated with it.

Kaplan-Meier curves were used to visualize the survival of patients according to the chosen variable. The Tarone-Ware, Peto-Prentice and Log-Rank tests were used to assess the difference between curves. The statistical significance level adopted for curves was 5%. Analyses were conducted with R software. Survival curves were measured from the date estimated for the beginning of hemodialysis for each patient. The Hardy-Weinberg equilibrium was calculated. The statistics flowchart, shown in [Figure 1](#f01){ref-type="fig"} was used, and is described as follows:

![Diagram of the statistical analyses used.](abc-103-03-0209-g01){#f01}

1.  Univariate exploratory data analyses.

2.  Survival Kaplan-Meier curves with the study polymorphisms, comparing deaths caused by the circulatory system (the main cause of death) with other causes. To identify whether the differences found in the Kaplan-Meier curves were significant, we used the Tarone-Ware and the Peto-Prentice tests. We used the log rank test to compare survival curves, as it is the most widely used method. This is also known as the Mantel-Cox test, these tests are only different in the weights used.

3.  Classification tree, with the objective of understanding which variables, or interaction of variables, are responsible for the analyzed phenomenon.

4.  Survival tree, which was used for the same purpose as III.

5.  Logistic regression was employed for all patients, taking death by any cause as the dependent variable and only selecting other variables that were clinically and/or statistically relevant.

6.  Multinomial logistic model for all patients using all of the variables. The dependent variable at this point was death caused by atherothrombotic vascular disease (ischemic heart disease plus stroke), which was the biggest cause of death among diseases of the circulatory system. Multinomial models constitute an extension of logistic models, being used in cases in which the response variable is nominal, with more than two categories, as in this case.

Results
=======

**1) Clinical and demographic variables:** Only one patient out of the 474 cases that met the selection criteria refused to participate in the study. Out of the 473 analyzed cases, 237 (50.1%) were male. The mean age at the beginning of hemodialysis was 46 years. The mean duration of hemodialysis (HD) at the time of recruiting was 52 months (4.4 years). The mean time of life on hemodialysis was of 144 months. The mean body mass index was \> 30 kg/m^2^. Half of the population consisted of smokers or former smokers. Almost half of the cases (43.4%) had a monthly income of less than twice the minimum wage. The mean systolic blood pressure was 150 mmHg, and most cases (81.6%) were classified as hypertensive patients. Diabetes mellitus was present in 15% of the cases, and generally associated with hypertension. The DI genotype of the angiotensin I-converting enzyme (50%) and the MT genotype of the angiotensinogen (39.3%) were the most prevalent ones. Ischemic heart disease was present in 26% of the cases, and stroke in 7% ([Table 1](#t01){ref-type="table"}). With respect to biochemical and hematological data, we did not observe major changes from the normal rate for the variables studied, except for the low hematocrit mean (29%) ([Table 2](#t02){ref-type="table"}) ([Figure 2](#f02){ref-type="fig"}).

###### 

Demographic data and clinical and genetic characteristics of the 473 patients at recruitment (July 97/ July 98) or at the beginning of hemodialysis

  ------------------------------------------------------------------------------ ------------------------------------------ ------------------------------- -------------
  Number of patients                                                             473                                                                        
  Gender (M/F) - n                                                               237/236                                                                    
  Age in years at the beginning of hemodialysis mean ± SD                        45.8 ± 16                                                                  
  Time of life on HD (months)-mean ± SD                                          144 ± 59                                                                   
  BMI (Kg/m^2^)-mean ± SD                                                        22.6 ± 4.7                                                                 
  SBP (mmHg)-mean ± SD                                                           150 ± 19                                                                   
  Smoking or former smoking - n (%)                                              237 (50.1%)                                                                
  **Monthly Family income. n (%):**                                                                                                                         
                                                                                                                            \< 2 MW                         204 (43.4%)
                                                                                                                            ≥ 2 to 5 MW                     139 (29.6%)
                                                                                                                            \> 5 MW                         127 (27%)
                                                                                                                            IGN                             3 (0.6%)
  **Genotypes of polymorphisms:**                                                                                                                           
                                                                                 **ACE gene- n (%):**                                                       
                                                                                                                            DD                              156 (33%)
                                                                                                                            DI                              239 (50.5%)
                                                                                                                            II                              78 (16.5%)
                                                                                 **AGT gene-n (%):**                                                        
                                                                                                                            MM                              139 (29.4%)
                                                                                                                            MT                              186 (39.3%)
                                                                                                                            TT                              148 (31.3%)
  **Combinations of genotypes of polymorphisms of ACE and AGT genes - n (%):**                                                                              
                                                                                                                            DD + TT                         46 (9.7%)
                                                                                                                            DD + MT                         62 (13.1%)
                                                                                                                            DD + MM                         48 (10.2%)
                                                                                                                            DI + TT                         79 (16.7%)
                                                                                                                            DI + MT                         91 (19.2%)
                                                                                                                            DI + MM                         69 (14.6%)
                                                                                                                            II + TT                         23 (4.9%)
                                                                                                                            II + MT                         33 (6.9%)
                                                                                                                            II + MM                         22 (4.7%)
                                                                                 **Comorbidities at recruiting - n (%):**                                   
                                                                                                                            SAH (total)                     386 (81.6%)
                                                                                                                            Diabetes Mellitus (total)       70 (14.8%)
                                                                                                                            SAH with associated diabetes    59 (12.5%)
                                                                                                                            SAH without diabetes            327 (69%)
                                                                                                                            Diabetes mellitus without SAH   11 (2.3%)
                                                                                 **Circulatory system diseases. n (%):**                                    
                                                                                                                            Ischemic heart disease          122 (26%)
                                                                                                                            Stroke                          31(7%)
  ------------------------------------------------------------------------------ ------------------------------------------ ------------------------------- -------------

n: number of patients; M: Male gender; F: Female gender; SD: Standard-deviation; Time of life on HD: Time of life on hemodialysis from admission to hemodialysis until the event (death. conclusion of the study or kidney transplant); SBP: Systolic blood pressure; BMI: Body mass index; MW: federal minimum wage at the time of recruiting; IGN: Ignored information; ACE: Angiotensin I-converting enzyme; AGT: angiotensinogen; SAH: Systemic arterial hypertension.

###### 

Laboratory data (biochemical and hematologic) at recruitment (July 97/July 98) of patients on HD

  **Laboratory variable**     **Mean ± SD**
  --------------------------- ---------------
  Total cholesterol (mg/dL)   189.1 ± 43
  HDL-cholesterol (mg/dL)     37.7 ± 12
  Triglycerides (mg/dL)       184.6 ± 96
  Hematocrits (%)             29.2% ± 4.9

HDL-cholesterol: High Density Lipoprotein; SD: Standard-deviation

![Patient follow-up flowchart.](abc-103-03-0209-g02){#f02}

**2) Survival:** The crude death rate at 11 years was 52%. There was a 48% survival rate at 11 years. The mean age at the time of death was 57 years old (± 15).

The Kaplan-Meier survival curve showed no differences between genetic polymorphisms of the gene in the converting enzyme (D/I) ([Figure 3](#f03){ref-type="fig"}). We also built a Kaplan-Meier curve for polymorphism of the angiotensinogen. In this, we observed a tendency for the curve for the TT genotype to separate in relation to time of survival, even though the population was smaller ([Figure 4](#f04){ref-type="fig"}). This trend was also confirmed when we separated the TT genotype of the angiotensinogen from the others in the Kaplan-Meier survival curve, with the Tarone-Ware test, and obtained a p value of 0.0976.

![Kaplan--Meier curve for D/I polymorphism of the ACE gene.](abc-103-03-0209-g03){#f03}

![Kaplan--Meier curve for the M235T polymorphism of the angiotensinogen.](abc-103-03-0209-g04){#f04}

**3) Probability of death and its association with the variables used in statistical models:** The logistic regression model, using death by any cause as a dependent variable, found the following p values and odds ratios (OR) with 95% confidence intervals. Age (p value = 0.000038, OR = 1.027), angiotensinogen TT (in relation to MM) (p value = 0.08261, OR = 1.534) and monthly income greater than five times the minimum wage (a protective factor) (p value = 0.03089, OR = 0.600).

Using a multinomial logistic model for all patients and using all variables, with death caused by atherothrombotic vascular disease (ischemic heart disease plus stroke, the main cause of death in this cohort), as the dependent variable, we found the following variables to be statistically significant. Age (p = 0.019802), and TT polymorphism of the angiotensinogen (p = 0.001394). TT was significant for both for men (p = 0.039402) and women (p = 0.01518).

Because the study population at the time of recruiting had different periods of hemodialysis, and because it was not in Hardy-Weinberg equilibrium with regards to polymorphism of the angiotensinogen (p value \< 0.0001), we decided to study those patients who had been on hemodialysis for up to one year at recruitment separately and compare the results of this subgroup with those of the total population. This cohort was more homogeneous with respect to length of disease, and comprised 82 patients. This cohort will be described, analyzed, and compared with the total population in another study.

Discussion
==========

In our study, there were very slightly more males (50.1%) than females, which is in accordance with 2008 Census from the Brazilian Society of Nephrology. It found that men make up 57% of the population with end-stage chronic kidney disease^[@r01]^. A study in Bahia found a 56.6% of patients to be male^[@r09]^. A cross-sectional analysis conducted in six hemodialysis clinics in the State of Rio de Janeiro also found a higher proportion of men (56%)^[@r10]^.

The mean age of the study population was 46 years, which is lower than that found in a study in the State of Rio de Janeiro^[@r10]^ (54 years old), and also lower than another cross-sectional analysis conducted in a single dialysis center in the State of Rio de Janeiro, where the mean age was 52 years^[@r11]^. However, it was similar to the Bahia study^[@r09]^, which found a mean age of 49 years. In the 2010 Census from the Brazilian Society of Nephrology, 30.7% of the patients were aged 65 years or older^[@r04]^.

The prevalence of arterial hypertension in our study (82%) was higher than the Bahia study (71%)^[@r09]^, and higher than the analysis of six hemodialysis clinics in the State of Rio de Janeiro (61%)^[@r10]^; it was also higher than the single center study conducted in the State of Rio de Janeiro (55%)^[@r11]^.

Diabetes mellitus prevalence in this study (15%) was much lower than that found in the 2010 Census by the Brazilian Society of Nephrology (28%)^[@r04]^, lower than the Bahia study (21%)^[@r09]^, and lower than the single center study in the State of Rio de Janeiro (20%)^[@r11]^. However, it was similar to the analysis involving six hemodialysis clinics in the State of Rio de Janeiro (17%)^[@r10]^.

The overall survival rate found in this study was 48% at 11 years. This is higher than that found in studies with large patient cohorts, such as the European Dialysis and Transplant Association study, which recorded a 50% survival rate over five years^[@r12]^. It is also higher than the rate found in the United States, which was only 36% over five years^[@r13]^. Our survival results were also higher than those found in diabetic hemodialyzed patients in Japan^[@r14]^ (28% over 10 years). These differences can be explained by the fact that our population was younger, as well as the lower prevalence of diabetes in our study population.

With regards to the demographics of our patient cohort, it is worth mentioning that the mean age of 46 years represents a significant social impact, since this is the most economically active age group. Life expectancy in the general Brazilian population was 73.48 years (73 years, 5 months and 24 days) in 2010, (77.32 years for females and 69.73 years for males) according to the research *Tábuas Completas de Mortalidade*, published on 01/12/2011 by the Brazilian Institute of Geography and Statistics^[@r15]^. At the age of 60, life expectancy in the Brazilian population in 2009, according to the same institute^[@r15]^, for both sexes was + 21.27 years (+ 19.55 for men, + 22.83 for women). This suggests that even though there was a good survival rate in our cohort, it is still lower than that of the same age group in the general Brazilian population.

A selection of survival rates from other studies are as follows. The French Tassin group found a 73% survival rate at five years^[@r16]^ with prolonged slow hemodialysis. A Brazilian study (3,082 hemodialysis patients, in seven Brazilian States) found a 58.2% survival rate at five years^[@r17]^. A national study of chronic hemodialysis survival in a cohort of 1,009 patients over 25 years, at three dialysis units in Santa Maria, Rio Grande do Sul, found a global survival rate of 64%, at five years, and 41%, at 10 years^[@r18]^.

Our research showed similar mortality rates for male and female patients, which is different than the findings of the cohort study across seven Brazilians States^[@r17]^ which found higher mortality among males.

In our study, diabetic patients had statistically higher mortality than non-diabetic ones (p = 0.0432). Lower survival among diabetics on hemodialysis has also been found in other analyses^[@r18],[@r19]^.

Body mass index was not associated with mortality in our study. A similar result was found by De Matos et al^[@r17]^. However, this finding is different from that published by Kalantar-Zadch et al^[@r20]^.

Our findings showed that the highest cause of death was circulatory system diseases (34%), followed by infectious diseases (15%). Of the circulatory system conditions, the main cause was atherothrombotic vascular diseases (ischemic heart disease plus stroke), with 48% of cases. Infectious causes may be related to vascular access and with the immunosuppressive state associated with uremia. It is interesting to note that while the number of cardiovascular deaths is declining in the general population, the same is not true for patients on dialysis^[@r21]^. This difference is partly due to the demographic conditions of these individuals, when they started on dialysis. There were multiple comorbidities in our study, 15% of the cohort were diabetic, 92% were hypertensive, 26% already had ischemic heart disease, and 7% had had a stroke. A study^[@r09]^ conducted in Salvador concerning overall cardiovascular mortality and risk factors of patients on hemodialysis also showed high cardiovascular mortality of 41.7%.

We also analyzed the genetic polymorphisms of the angiotensin I-converting enzyme and of the angiotensinogen with mortality on hemodialysis. The results of the study by Inácio et al^[@r22]^, in Niterói and Rio Bonito, of patients who presented as \"healthy\", collected in practically the same period as our study, are different from ours for the D/I homozygotic polymorphisms in the gene of the angiotensin I-converting enzyme studied by these authors.

The literature on mortality in hemodialysis and its association with polymorphisms in the gene of the angiotensin I-converting enzyme, or of the angiotensinogen, is slim. Most studies in this area are of patients with particular diseases, diabetes being the most common.

Our study looked for a prognostic association between some polymorphisms of the renin-angiotensin system in chronic hemodialyzed patients in two important cities of the State of Rio de Janeiro. We found lower survival rates only the TT polymorphism of the angiotensinogen, and no difference in the survival rate for the D/I polymorphism of the angiotensin I-converting enzyme. Such results, showing a worse prognosis for the TT genotype, are similar to those found in analyses by Buraczynska et al^[@r23]^, Lovati et al^[@r24]^ and Miguel et al^[@r27]^. The differences found by the last two studies mentioned may have been due to the cohort being composed entirely of diabetics.

The study by Bzome et al^[@r25]^ was designed to assess arterial hypertension complications. There was no association found between D/I polymorphisms of the angiotensin I-converting enzyme and poorer outcomes, unlike the findings in studies by Sakka et al^[@r28]^, Losite et al^[@r29]^, van der Sman-de Beer et al^[@r30]^, Yoshida et al^[@r26]^, Pérez-Oller et al^[@r31]^; Lovati et al^[@r24]^. These studies found decreasing survival rates for the DD genotype of the angiotensin I-converting enzyme, and many of them had short follow-up periods for a population of diabetics. Other studies^[@r32]-[@r34]^ did not find any association for polymorphisms of the angiotensin I-converting enzyme or of the angiotensinogen. These studies also had short follow-ups and were conducted in a specific population with diabetic nephropathy.

Study limitations
-----------------

The analysis of only two genetic polymorphisms in a highly complex system, such as the renin-angiotensin system is a limiting factor. The absence of other important variables to analyze the survival among hemodialyzed patients, such as hemoglobin, calcium, vitamin D, parathormone, erythropoietin, phosphorus, C-reactive protein, and serum albumin can also be limiting, as was the lack of information about the associations and dosages of medicines used by these patients.

Conclusions
===========

The survival rate in our population was considered low when compared to the general population of the same age group. However, the survival in this cohort was high when compared to other studies involving Brazilian and North-American chronic hemodialyzed patients, as well as in comparison to most European studies. The main cause of death was circulatory system diseases, for both sexes, especially in older age groups, followed by infectious diseases and diabetes mellitus. In this study, it was not possible to demonstrate an association between polymorphisms in the gene that codifies the angiotensin I-converting enzyme (D/I) and mortality in hemodialyzed patients. The TT polymorphism of the M235 T angiotensinogen, age, and monthly family income were the variables that were associated with mortality in this cohort.
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